Abstract-High data-rate applications can be foreseen for
IR systems are based on the use of baseband signals, the introduction of a proper orthogonal basis permits to derive higher on the use of Time Hopping (TH) codes and the repetition of order constellations as a linear combination of the elements of the pulses several times during the bit interval [3] . Therefore, the basis with no additional bandwidth. Therefore, the increase these systems are not taken into account for high data rate of the spectral efficiency also permits to have a higher system applications. Moreover, IR-UWB modulations with TH codes throughput.
are usually binary with a further reduction of the system I The ty(d) curve, represented in Fig. 1 shows that the lowest value is obtained when the pulses are partially overlapped. The performance of the 2PPM systems for different time offsets Yk(t) and Signal to Noise Ratio (SNR) is reported in Fig. 2 
Moreover, the bit time can be further reduced by using aki + 1 higher order modulation schemes. In this paper, we introduce Ckr,mN,±rTc ' 2 ) + n(t) some original baseband modulation schemes whose represen2~~~~~~~t a t i o n in the signal space is analogous to the ones obtained by
To get higher order modulation schemes, we will normalize QPSK and 8-PSK in the classical bandpass communication the orthogonal basis (1) This means that the correlation factor must be: Fig. 7. 8 PAPM Signals in Signal Space.2i w()=l(t) 21 +tn2 ( 8) w U(t) 2X
In a similar way, a 8-PAPM modulation can be achieved as: I hscs ehv h aepromneo -S ad f1(t) =lsi(t)l ei(t) + ls2(t)l e2(t) =-f5(t) pass modulated system and achieve a significant reduction of the chip time and, as a consequence, of the bit time. The basis f2(t) =s2(t)| ed(t) + ||sit)l e2(t) =-f6(t) which is obtained for this value of time offset d is represented f3(t) =-s2(t)l ei(t) + |si(t)l e2(t) =-f7(t)
in Fig. 8. f4(t) =-| sI(t) lleI(t) + ||s2(t) ||e2(t) =-f8(t) (8) IV. SIMULATION RESULTS A. AWGN Channel
For what concerns the Bit Error Rate (BER) the best We have simulated the higher order modulation schemes performance is achieved when the signals give rise to the same which have been derived in the Section III for an UWB-IR signal representation of a 8-PSK, but, in the same way of the system in AWGN channel; we have also compared the perfor-4-PAPM case, we have chosen a suitable time shift which is mance in terms of BER and Bit-Rate with the ones afforded lower than Tw. The signals of the relative system which have by the classical binary PAM and PPM techniques. Since these been defined as 8-PAPM Minimum Time Offset (MTO) have modulations are characterized by a different number of bits equal energy so that their representations in the signal space per symbol, we have also considered the BER performance vs are located on the circle of ray r and are equidistant (i.e., the Es/No ratio. Both perfect synchronization and knowledge of signal representation is equal to a 8-PSK, as represented in the time hopping codes have been assumed .  Fig. 7) ; this system is obtained when:
In Figs. 9 and 10 we show the BER performance vs Eb/NO and Es/No ratio, respectively, for the different modulation ______ +/( w(t) 2 + <y(6.)) schemes. As expected, the Binary Antipodal (2-PAM) and s2(t) w(t 2 -tan (1) (9) Quaternary Biorthogonal (4-PAPM) permit better BER perg 2 (IIW() 11 7(08 formance whereas the Binary Orthogonal (2-PPM) and 8-ary 
